Abstract. The availability of asteroseismic constraints for a large number of red giants with CoRoT and, in the near future with Kepler, paves the way for detailed studies of populations of galactic-disk red giants. We investigate which information on the observed population can be recovered by the distribution of the observed seismic constraints: the frequency of maximum power of solar-like oscillations (ν max ) and the large frequency separation (∆ν). We use the distribution of ν max and of ∆ν observed by CoRoT in nearly 800 red giants in the first long observational run, as a tool to investigate the properties of galactic red-giant stars through the comparison with simulated distributions based on synthetic stellar populations. We can clearly identify the bulk of the red giants observed by CoRoT as red-clump stars, i.e. post-flash core-He-burning stars. The distribution of ν max and of ∆ν give us access to the distribution of the stellar radius and mass, and thus represent a most promising probe of the age and star formation rate of the disk, and of the mass-loss rate during the red-giant branch. This approach will be of great utility also in the interpretation of forthcoming surveys of variability of red giants with CoRoT and Kepler. In particular, an asteroseismic mass estimate of clump stars in the old-open clusters observed by Kepler, would represent a most valuable observational test of the poorly known mass-loss rate on the giant branch, and of its dependence on metallicity.
INTRODUCTION
The clump of red giants in the color-magnitude diagram (CMD) of intermediate-age and old open clusters was recognized as being formed by stars in the stage of central helium burning since the works of Cannon [1] and Faulkner and Cannon [2] . The near constancy of the clump absolute magnitude in these clusters was correctly interpreted as the result of He ignition in an electrondegenerate core. Under these conditions, He burning cannot start until the stellar core mass attains a critical value of about 0.45 M . From this, it follows that low-mass stars developing a degenerate He core after H exhaustion, have similar core masses at the beginning of He burning, and hence similar luminosities.
Beside old-open clusters, the red giant clump (RC) is also a remarkable and well populated feature in the CMD of composite stellar populations, like galaxies. A major advance in our understanding of RC stars was possible thanks to the determination of precise parallaxes with the 1 The CoRoT space mission was developed and is operated by the French space agency CNES, with participation of ESA's RSSD and Science Programmes, Austria, Belgium, Brazil, Germany, and Spain.
Hipparcos mission, which allowed us to identify clearly the clump in the CMD of nearby stars [3] .
Thanks to its near-constant luminosity, the RC gained importance also as a distance indicator providing distance estimates to the galactic centre [4] and nearby galaxies such as Fornax [5] , M33 [6] and LMC [see e.g. 7, 8] .
In the above-mentioned examples red clump stars were identified in simple or composite stellar populations of a given distance. With the asteroseismic constrains that are now becoming available, we are able to characterize the population in the galactic disk even without any information about distance. In the first section, we show how very simple seismic observables, such as the distribution of ν max , can be used to identify the population of red giants observed by CoRoT as being dominated by the red clump of the galactic disk. This approach could also be applied to the numerous red giants that will be monitored with the Kepler satellite and, as we show in the second section, could be of major relevance in the study of stellar evolution of simpler populations, such as those of the old-open clusters, that Kepler will observe.
THE POPULATION OF GALACTIC-DISK RED GIANTS SEEN WITH COROT EYES
The CoRoT satellite [9] is providing high-precision, long and uninterrupted photometric monitoring of thousands of stars in the fields primarily dedicated to the search for exoplanetary systems (EXOField). These observations reveal a wealth of information on the properties of solar-like oscillations in a large number of red giants [see 10], i.e. their oscillation frequency range, amplitudes, lifetimes and nature of the modes (radial as well as non-radial modes were detected). The goldmine of information represented by this detection is currently being exploited. As described in detail by Hekker et al. [11] , about 800 solar-like pulsating red giants were identified in the field of the first CoRoT 150-days long run in the direction of the galactic centre (LRc01). Hekker et al. [11] searched for the signature of a power excess due to solar-like oscillations in all stars brighter than m V =15 in a frequency domain up to 120 µHz. They found that the frequency corresponding to the maximum oscillation power (ν max ) and the large frequency separation of stellar pressure modes (∆ν) are non-uniformly distributed.
The distributions of ν max and ∆ν show a single dominant peak located at ∼ 30 µHz and ∼ 4 µHz, respectively (the corresponding histograms are also shown in the lower panels of Fig. 2 and 3 ). We note, however, that the detection of solar-like pulsations in the lowfrequency end (ν max 20 µHz) is compromised due to the long-period trends, the activity and granulation signal. We should therefore regard the observed distribution at the lowest frequencies as strongly biased [see 11].
We focus on the simplest and most robust seismic constraints provided by the observations: ν max and ∆ν, and on the information they supply on the stellar parameters. As suggested by Brown et al. [12] , ν max is expected to scale as the acoustic cutoff frequency of the star, which defines an upper limit to the frequency of acoustic oscillation modes. Following Kjeldsen and Bedding [13] and rescaling to solar values, ν max can be expressed as :
The large frequency separation of stellar p modes, on the other hand, is well known to be inversely proportional to the sound travel time in the stellar interior, and is therefore related to the mean density of the star by the following expression [see e.g. 13]: As presented in [14] (Paper I), we investigated the properties of the underlying stellar population that determine the observed ν max and ∆ν distributions, and whether the presence of a single peak in ν max and ∆ν is compatible with current models of red-giant populations in the galactic disk.
Stellar population synthesis
In order to simulate the composite stellar population observed in the LRc01 of CoRoT's EXOField we used the stellar population synthesis code TRILEGAL [15] designed to simulate photometric surveys.
In TRILEGAL several model parameters (such as the star formation history and the morphology of different galactic components) were calibrated to fit Hipparcos data [3] , as well as star counts from deeper photometric surveys.
In our TRILEGAL simulation (T1) we adopted the standard parameters for the four components of the Galaxy (halo, bulge, thin and thick disk). We simulated the stellar population in the sky area observed by CoRoT during LRc01 (3.9 deg 2 centered at l = 37 • , b = −6.9 • ) and considered stars in the observed magnitude range (11 m V 15). This population turns out to be dominated by thin-disk stars.
The default star formation rate in the thin disk is assumed to be constant over the last 9 Gyr, and the agemetallicity relation is taken from Rocha-Pinto et al. [16] . An exhaustive description of the evolutionary tracks used in the simulations is given by Girardi et al. [15] and references therein.
An HR diagram showing the number density of stars (Hess diagram) of the synthetic population is presented in Fig. 1 , where the main sequence and the red clump (RC) clearly appear as the most populated areas.
We shall henceforth restrict our interest to the population of G-K giants delimited by the dashed rectangle in Fig. 1 . In the HR diagram (see Fig. 1 ) the distribution of giants is not uniform and predominantly peaked in the red clump, near iso-radii lines corresponding to R 10 R .
Observed vs. simulated ν max and ∆ν distributions
We now simply evaluate, by means of Eq. 1 and 2, the theoretical ν max and ∆ν distributions based on the properties (R, M, T eff ) of the synthetic population presented in the previous section. Among all the stars in the population we select G-K giants (0.5 < log L/L < 4 and 3.6 < log T eff < 3.76, see Fig. 1 ). As we previously discussed, we should restrict the comparison to ν max 20 µHz.
The ν max distribution we obtain for T1 is reported in the upper panel of Fig. 2 . It is clear that the dominant maximum in the observed histogram (lower panel of Fig.  2 ) can be qualitatively well reproduced by the stellar population model.
The comparison with the observed ν max distribution suggests that the bulk of CoRoT LRc01 pulsating giants are red clump stars. In Fig. 4 , upper panel, we show the location in the HR diagram of stars belonging to T1 and having 20 µHz < ν max < 50 µHz: this lets us identify the dominant peak in the distribution as due to red-clump stars, i.e. low-mass stars with actual masses 0.8 M/M 1.8 (see the lower panel of Fig. 4) , that are in the core He-burning phase after having developed an electron-degenerate core during their ascent on the RGB and passed the He-flash. This conclusion is also fully supported by the comparison between the observed and theoretical distribution of ∆ν, as shown in Fig. 3 .
The observed dominant peaks in the ν max and ∆ν distributions are qualitatively explained by the models. Nevertheless, a Kolmogorov-Smirnov test shows that the discrepancies between the simulated and observed distributions are, from a statistical point of view, highly significant due to the fact that the samples contain a large number of stars.
The predicted ν max distribution is affected by several parameters in stellar populations models. We note however that, since most of the stars belonging to the RC cover a limited range in radius, ν max represents a valu- able tracer of the mass distribution of the population (see Fig. 4 ). The mass distribution of RC stars is, in its turn, highly dependent on the age and, more generally, on the star formation rate of the composite population, as well as on the mass-loss rate adopted during the RGB (see Paper I for a more detailed discussion).
FUTURE OBSERVATIONS WITH COROT AND KEPLER
Asteroseismic constraints for populations of red giants will soon be available for various fields in the Galaxy.
CoRoT is observing in G-K giants in several fields In addition to the observations of red giants belonging mostly to the composite stellar population of the galactic disk, Kepler will also perform observations of solar-like oscillations in simple, well constrained populations: the two old-open clusters NGC6791 and NGC6819.
Red clumps in simple populations:
NGC6791 and NGC6819
NGC6791 and NGC6819 are well studied old-open clusters, both showing a red clump in their colormagnitude diagrams, as reported e.g. in Grocholski and Sarajedini [18] and Kalirai and Tosi [19] .
To have a first estimate of the expected seismic properties of the red giants in the two clusters, we computed a preliminary simulation by using the code BASTI [20] , assuming single-age single-metallicity populations. In the case of NGC6791 we adopted as age 9 Gyr and [Fe/H]=0.4 [see 21, and references therein] and for NGC6819 an age of 2.5 Gyr and solar metallicity [19] .
The position in an HR diagram of the stars of the synthetic populations of NGC6791 and NGC6819 is shown in Fig. 5 . The mass of the stars is color-coded in the plot, and indicates a mass of turnoff stars of about 1.1 and 1.4 M for NGC6791 and NGC6819, respectively. The location of the red clump of the clusters is encircled by dashed lines.
In Fig. 6 we present the radius, mass and ν max distributions of the red giants delimited by the dashed rectangle in Fig. 5 . As shown in Fig. 6 , upper panel, the radius distribution of G-K giants is very similar in the two clusters, and is sharply peaked between 11 and 12 R , in correspondence to red-clump stars. As a consequence (see Eq. 1), the distribution of ν max is a reliable tracer of the mass distribution of red-clump stars. The latter is determined by the age of the population in the first place, but it is also affected by the mass-loss rate adopted during the red-giant-branch (see central panel of Fig. 6 ).
Since the age of the clusters can be determined by other means, e.g. by isochrone-fitting [see 21, for a discussion], it is clear that the asteroseismic mass estimate of clump stars represents a most valuable observational test of the poorly known mass-loss rate on the giant branch, and of its dependence on metallicity [see e.g. 22, and references therein].
CONCLUDING REMARKS
The detection of solar-like oscillations in populations of red giants with CoRoT allows us to access the properties of (so far) poorly-constrained populations in the galactic disk.
We obtain a robust identification of the bulk of CoRoT LRc01 red giants as red clump stars. This conclusion is based only on seismic constraints, namely on the com- parison between the ν max and ∆ν distributions observed and those based on a synthetic stellar population. The latter was computed with the population synthesis code TRILEGAL, assuming standard parameters [see 15] to describe the morphology and the star formation history of the Galaxy components.
This approach will be of great utility in the interpretation of other surveys of variability of red giants with CoRoT and Kepler. In particular in the case of red giants in old-open clusters, where the number of free parameters affecting the theoretical distributions of ν max and ∆ν is significantly reduced. This should allow us to constrain other important aspects of stellar evolution such as the mass-loss rate during the evolution in the red giant branch, or transport processes during main-sequence evolution.
